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(54) Device for purifying oxygen rich exhaust gas 

(57) The invention relates to a device (catalytic con- 
verter) for purifying an exhaust gas. This device has a 
first catalyst for purifying a NOx of the exhaust gas. This 
first catalyst contains first and second powders. The first 
powder has a porous carrier and at least one noble 
metal loaded on the porous carrier. The at least one 
noble metal is selected from platinum, palladium and 
rhodium. The second powder has a first double oxide 
represented by the general formula (Ln^AJ^pBOg 
where a is a number that is greater than 0 and less than 
1 , p is a number that is greater than 0 and less than 1 , 5 
is a number that is greater than 0, Ln is at least one first 
element selected from La, Ce, Nd and Sm, A is at least 
one second element selected from Mg, Ca. Sr, Ba, Na, 
K and Cs, and B is at least one third element selected 
from Fe. Co, Ni and Mn. The device is improved in capa- 
bility of purifying NOx contained in an oxygen rich 
exhaust gas. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001 ] The present invention relates to a device (catalytic converter) for purifying hydrocarbons (HC), carbon monox- 
ide (CO) and nitrogen oxides (NOx), which are contained in the exhaust gas from the internal-combustion engine of 
automobiles and boilers. The present invention relates in particular to a catalyst which is capable of purifying an oxygen 
rich exhaust gas by removing NOx contained in the oxygen rich exhaust gas. 

[0002] In recent years, there has been a large demand for low-fuel-consumption automobiles, in view of the possibility 
w of exhaustion of the petroleum resources and the global warming problems. In particular, there is a strong demand for 
leanburn automobiles in the field of gasoline-engine automobiles. Such a lean-burn automobile is driven on the lean 
side with a large air-fuel ratio (A/F) as much as possible during an ordinary driving, so as to burn an oxygen rich air-fuel 
mixture and thereby meet with the demands for lower fuel consumption. JP-A-9-1 84441 discloses an air-fuel ratio con- 
trol device of an internal combustion engine, which may be driven on the lean side. In case of an oxygen rich (lean) air- 
15 fuel mixture, the oxygen content of an exhaust gas after combustion becomes high. If this exhaust gas is allowed to flow 
through a conventional three-way catalyst, the oxidation action becomes more active and the reduction action becomes 
inactive. In view of this, it has been desired to provide a catalyst that can sufficiently remove NOx by reducing NOx to 
N2 even on the lean side, that is, in an oxygen rich exhaust gas. Japanese Patent Unexamined Publication JP-A-5- 
168860 discloses a catalyst having a porous carrier supporting thereon platinum and lanthanum. 
20 [0003] If sulfur is contained in the fuel and/or lubrication oil, this sulfur may be exhausted in the form of sulfur oxide 
into the exhaust gas. This sulfur oxide may reduce the NOx purification capability of the above-mentioned catalyst that 
is capable of removing NOx. Thus, it is desired to provide a catalyst that is capable of suppressing such reduction of 
th NOx purification capability caused by sulfur. U.S. Patent 5,472,673. which corresponds to JP-A-6-58138, discloses 
an exhaust gas purification device having a sulfur trapping device. 

25 

SUMMARY OF THE INVENTION 

[0004] It is an object of the present invention to provide a device for purifying an exhaust gas, which is improved in 
capability of purifying NOx contained in an oxygen rich exhaust gas. 
30 [0005] According to the present invention, there is provided a device for purifying an exhaust gas. This device com- 
prises a first catalyst for purifying a NOx of the exhaust gas. This first catalyst comprises first and second powders. The 
first powder comprises a porous carrier and at least one noble metal loaded on the porous carrier. The at least one 
noble metal is selected from the group consisting of platinum, palladium and rhodium. The second powder comprises 
a first double oxide represented by the following general formula (1): 

35 

O^-aAJ^BOs (1) 

where a is a number that is greater than 0 and less than 1 , p is a number that is greater than 0 and less than 1 , 5 is a 
number that is greater than 0, Ln is at least one first element selected from the group consisting of La, Ce, Nd and Sm, 
40 A is at least one second element selected from the group consisting of Mg, Ca. Sr, Ba, Na, K and Cs, and B is at least 
one third element selected from the group consisting of Fe, Co, Ni and Mn. 

BRIEF DESCRIPTION OF THE DRAWING? 

45 [0006] Figure is a schematic view showing an engine equipped with a device for purifying an exhaust gas therefrom 
according to the second preferred embodiment of the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

50 [0007] A device (catalytic converter) for purifying an exhaust gas according to the first preferred embodiment of the 
invention will be described in detail in the following. This device will be referred to as The first device" for simplification, 
too. In fact according to the first preferred embodiment, the first device is made up of only the above-mentioned first 
catalyst of the invention, and thus the first device and the first catalyst are equivalent to each other. 
[0008] As stated above, the first catalyst contains the first powder containing a porous carrier and at least one noble 

55 metal selected from platinum (Pt), palladium (Pd) and rhodium (Rh). As the at least one noble metal, rt is preferable to 
use only Pd or a combination of Pd and Rh. With this, the first catalyst is improved in NOx absorption capability, due to 
the interaction of the above-mentioned first double oxide of the second powder and the at least one noble metal. Th 
amount of the at least one noble metal is not particularly limited, so long as the first catalyst becomes sufficient in capa- 
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bilrty of absorbing NOx and capability as a three-way catalyst. The amount of the at least one noble metal is preferably 
from 0.1 to 10 g per liter of the first catalyst If it is less than 0.1 g, the first catalyst may become insufficient in capability 
as a three-way catalyst. If it is greater than 10 g, it may not be possible to obtain further significant advantageous 
effects. As will be clarified hereinafter, the first catalyst optionally comprises a substrate for supporting thereon a cata- 
5 lytic coating containing the first and second powders. It should be noted that the total apparent volume of the substrate 
is almost equal to that of the first catalyst Therefore, th _ substrat and th first catalyst are interchangeable with each 
other in terms of apparent volume. 

[0009] A! least part of the at least one noble metal is preferably loaded on a porous carrier, preferably on alumina. 
Such alumina is preferably one having a high heat resistance. In particular, it is preferable to use an activated alumina 

10 having a specific surface area of 50-300 rrfrg. It is optional to add an additive, such as rare earth elements (e.g. , cerium 
and lanthanum) and zirconium, to an alumina as the porous earner, in order to improve the alumina in heat resistance. 
Furthermore, it is optional to add an additive that has been conventionally used for a three-way catalyst, to the first cat- 
alyst in order to improve the first catalyst in capability as a three-way catalyst under a so-called stoichiometric condi- 
tion. Examples of such additive are ceria, barium and zirconia. In fact ceria has a function of storing oxygen. Barium 

is has a function of reducing the deterioration of the noble metal caused by adhesion of hydrocarbons (HC) to the noble 
metal. Zirconia contributes to the improvement of rhodium in heat resistance. 

[0010] As shown in the general formula (1), the first double oxide of the second powder contains (1) at least one first 
element selected from rare earth elements of La, Ce, Nd and Sm, (2) at least one second element selected from alkali 
metals of K, Na and Gs and alkali earth metals of Mg, Ca, Sr and Ba, and (3) at least one third element selected from 

20 transition metals of Fe, Co, Ni and Mn. The first double oxide, which has an A-site-deficient perovskite structure as 
shown in the general formula (1). has the oxygen deficiency. Due to this oxygen deficiency. NOx may easily be 
adsorbed on the first double oxide under the lean condition. This contributes to the improvement of the first catalyst in 
capability of purifying NOx. In general, conventional perovskrte-type double oxides tend to react with alumina contained 
in the catalyst, as a solid phase reaction. This reaction may inactivate the conventional per ovs kite-type double oxides 

25 in catalytic activity. In order to prevent this inactivation, the alumina may be coated, for example, with lanthanum, before 
the alumina is brought into contact with a conventional perovskrte-type double oxide. Alternatively, the alumina may be 
replaced with another element, such as Zirconia, which is less reactive with conventional perovskite-type double oxides. 
In contrast with such conventional perovskite-type double oxides, the first double oxide according to the invention has 
an A-site-deficient perovskite structure. With this, it becomes possible to prevent a solid phase reaction of the first dou- 

30 We oxide with another oxide (e.g., alumina) contained in the first catalyst Thus, the first double oxide is improved in 
thermal stability. Therefore, the first double oxide is kept having a high NOx absorption capability, even after the pas- 
sage of an exhaust gas of high temperature through the first catalyst. Thus, the first catalyst becomes high in NOx puri- 
fication capability, even after that. 

[0011] As stated above, a of the general formula (1) is greater than 0 and less than 1. In particular, a is preferably not 

35 less than 0.2. ft is preferable that p of the general formula (1) is greater than 0 and less than 1. If p is not less than 1, 
the first double oxide does not have a single-phase perovskite structure. As stated above, 5 of the general formula (1) 
is greater than 0 and preferably less than about 4. In the invention, the f irst double oxide has a capability to absorb NOx 
under the lean condition, because a part of the element A has been replaced with the element Ln, as shown in the gen- 
eral formula (1). In connection with this, it is assumed that NOx (e.g., NO) of the exhaust gas is oxidized into N0 2 on 

40 the first double oxide, and then this NO2 is absorbed, in the form of nitrate group or a similar one, into a site dose to the 
at least one second element selected from Mg, Ca, Sr, Ba, Na, K and Cs of the first double oxide. In other words, it is 
important in the invention that the first double oxide contains the at least one second element, which easily reacts with 
N0 2 to form a nitrate(s). It is also important in the invention that the first double oxide further contains the at least one 
third element selected from transition metals of Fe, Co, No and Mn, which is capable of oxidizing NOx into N0 2 . In the 

45 invention, a part of the first double oxide represented by the general formula (1) may be replaced, for example, with a 
mixture of an oxide of the element Ln, an oxide of the element "A" and an oxide of the element B where Ln, A and B are 
defined as in the general formula (1). The desired functions of the first double oxide can be obtained in this case. too. 
However, according to the invention, it is preferable not to conduct the above-mentioned partial replacement of the first 
double oxide, in order to maximize the functions of the first double oxide Even after the passage of an exhaust gas of 

so high temperature through the first catalyst, the first double oxide exists as it is, without the decomposition of the first 
double oxide into oxides of the constituent elements (Ln, A and B). The existence of a double oxide can be confirmed 
by X-ray diffraction analysis. The first double oxide may contain small amounts of impurities, as long as the impurities 
do not interfere with the functions of the first double oxide. In fact, barium may contain a small amount of strontium, and 
lanthanum may contain a small amount of cerium, neodymium and/or samarium. In other words, the raw materials (i.e. . 

55 salts of the elements Ln. A and B) may contain small amounts of such impurities. 

[001 2] The amount of the first double oxide is not particularly limited and is preferably from 20 to 1 00 g per liter of th 
first catalyst In the invention, the at least one nobJ metal of the first powder is coexistent in the first catalyst, with th 
first double oxkJ of the second powder. Due to this coexistence, the first catalyst is unexpectedly improved in NOx puri- 
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fication capability. In other words, the first double oxide absorbs NOx under the lean condition. Then, under the stoichi- 
ometric or fuel-rich condition, the absorbed NOx is desorbed from the first double oxide and then is reduced or purified 
into N2 in the presence of the at least one noble metal. 

[0013] In the invention, it is preferable that each of the first and second powders has an average or mean particle 
5 diameter of not greater than 4 urn. With this, the first catalyst is improved in NOx absorption capability. This improve- 
ment becomes greater, if the flow rate of the exhaust gas through the first catalyst becomes slower. In fact the average 
or mean particle diameter is more preferably from 2 to 4 urn. The average particle diameter of the first or second powder 
is substantially the same as the mean particle diameter thereof. Thus, it is needless to say that the first and second 
powders each having a mean particle diameter of not greater than 4 jim are also included in the scope of the invention, 
10 although the term "average particle diameter" is used in the claims in place of the term "mean particle diameter". The 
average or mean particle diameter of the powders used in the invention can be determined by using a laser-diffraction- 
type particle diameter distribution meter. 

[001 4] ft is preferable that the first catalyst further contains at least one fourth element selected from alkali metals and 
alkali earth metals, in order to improve the catalytic activity of the f irst catalyst under a low temperature condition and a 

15 reduced (oxygen deficient) condition. The at least one fourth element may be selected from lithium, sodium, potassium, 
cerium, magnesium, calcium, strontium, and barium. Its content is preferably from 1 to 40 g per liter of the first catalyst, 
ff it is less than 1 g, rt may be difficult to suppress the sintering of palladium and the deterioration of the first catalyst 
caused by the HC adhesion thereto, ff it is greater than 40 g, it may be impossible to obtain a further advantageous 
effect(s). The at least one fourth element may be improved in dispensability in the first catalyst by adjusting the average 

20 or mean particle diameter of each of the first and second powders to not greater than 4 urn, as mentioned above. The 
raw material of the at least one fourth element may be applied by impregnation to the coated substrate having a cata- 
lytic coating made of the first and second powders, as shown in the after-mentioned Examples 1-7 to 1-8. Then, the 
resultant coated substrate may be dried and then baked at a temperature of 200-600°C in the air and/or under the air 
flow. With this baking, the at least one fourth element takes an oxide form. This oxide of the at least one fourth element 

25 does not easily react with another element of the first catalyst and thus does not easily turn into a double oxide, ff the 
baking temperature is lower than 200°C, it may be difficult to form an oxide of the at least one fourth element, ff ft is 
higher than 600°C, the raw material (salt) of the at least one fourth element may decompose rapidly. With this, the sub- 
strate may be broken. The raw material of the at least one fourth element preferably takes a water-soluble form, such 
as oxide, acetate, hydroxide, nitrate and carbonate. With this, it becomes possible to well disperse the at least one 

30 fourth element to sites close to, for example, palladium, ff a combination of alkali metal and alkali earth metal is used 
as the at least one fourth element ft is possible to apply an alkali metal compound(s) and an alkali earth metal com- 
pound^) at the same time or separately to the above-mentioned coated substrate. 

[0015] The method for producing the first double oxide is not particular limited. For example, the method may com- 
prise (a) mixing together salts (e.g., nitrate, acetate, carbonate, citrate and hydrochloride) of all the elements Ln, A and 

35 B of the general formula (1) by amounts to adjust the first double oxide to having a desired chemical composition; (b) 
preliminarily baking the resultant mixture, followed by grinding; and (c) baking the ground mixture into the first double 
oxide. Alternatively, the method may comprise (a) mixing together salts of all the elements Ln, A and B by amounts to 
adjust the first double oxide to having a desired chemical composition; (b) dissolving the resultant mixture into water; 
(c) optionally adding an alkali solution (e.g., NH 4 OH and NH3OH) dropwise to the resultant aqueous solution, thereby 

40 t form a precipitate; and (d) drying the precipitate, followed by baking of the same, thereby to obtain the first double 
oxide. By using one of the above-mentioned methods, ft is possible to make at least part of the elements Ln, A and B 
take the form of the first double oxide represented by the general formula (1). 

[001 6] The method of loading the at least one noble metal on the porous carrier in the preparation of the first powder 
is not particularly limited, and may be one of conventional methods, such as drying through evaporation, deposition, 

45 impregnation, and ion-exchange, so long as the distribution of the at least one noble metal on the porous carrier does 
not become substantially lopsided. In fact ft is preferable to take impregnation, ff alumina is used as the porous carrier. 
The raw material of the at least one noble metal may take the form of saft of inorganic acid, carbonate, ammonium salt, 
salt of organic acid, halide, oxide, sodium salt, amrrtine complex and mixtures thereof. In particular, ft is preferable to 
use the raw material in the form of water-soluble saft, in terms of the improvement of the catalytic activity of the at least 

50 one noble metal of the first powder. In cases of ion-exchange and impregnation, the at least one noble metal may be 
dissolved in a solution. In this case, it is optional to adjust pH of the solution by adding an acid or base thereto. By 
adjusting pH. it may be possible to make the at least one noble metal higher in dispersibilfty on the porous carrier. 
[001 7] The first catalyst may be prepared by a method comprising: (a) preparing an aqueous slurry containing therein 
the first and second powders; (b) applying the aqueous slurry to a substrate of the first catalyst, such that a precursor 

55 of a catalytic coating of the first catalyst is formed on the substrate; and (c) baking the precursor into the catalytic coat- 
ing. In fact, the baking is conducted preferably at a temperature of 400-900°C. Prior to the application f the aqueous 
slurry, the aqueous slurry is preferably subjected to a wet grinding, thereby to adjust each of the first and second pow- 
ders to having an average rmeanpartid diameter of not greater than 4 urn. The device for conducing th wet grinding 
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is not particularly limited. In fact it is possible to use a commercial ball-type vibrating mill. A desired particle diameter 
of the first and second powders may be obtained by adjusting the ball diameter of the mill, the period of time for con- 
ducting the wet grinding, the vibration amplitude, and the vibration frequency. The substrate of the first catalyst is not 
particularly limited and may be selected from conventional ones. For example, it is optional to use a heat resistant mon- 
5 olithic (honeycomb) substrate made of a ceramic (e.g., cordierite) or metal material (e.g., ferrite-based stainless steel). 
Alternatively, it is optional to mold a mixtur of the first and second powders into a honeycomb shape, without using a 
substrate. In other words, the resultant honeycomb made of the first and second powders may be used as the first cat- 
alyst 

[0018] A device (catalytic converter) for purifying an exhaust gas according to the second preferred embodiment of 
w the invention will be described in detail in the following. This device will be referred to as The second device" for simpli- 
fication. In fact, according to the second preferred embodiment, as shown in Figure, the second device 10 comprises 
the above-mentioned first catalyst 1 2 and a second catalyst 1 4 arranged upstream of the first catalyst 1 2 in a passage 
16 of the exhaust gas. Thus, the above descriptions of the first catalyst of the first preferred embodiment will not be 
repeated here. 

is [001 9] The second catalyst (i.e., the upstream catalyst) comprises at least one special component that is capable of 
absorbing sulfur oxides of the exhaust gas under the lean condition and is capable of releasing or desorbing the sulfur 
oxides therefrom under the stoichiometric or fuel-rich condition. Thus, an exhaust gas that is substantially free from sul- 
fur oxides is allowed to flow under the lean condition through the first catalyst (i.a , the downstream catalyst). Therefore, 
under the lean condition, the downstream NOx absorbing catalyst (i.e.. the first catalyst) is capable of effectively 

20 absorbing only NOx, without having the NOx absorption reduction caused by sulfur oxides. Under the stoichiometric or 
fuel-rich condition, the absorbed sulfur oxides are released from the second catalyst and at the same time the 
absorbed NOx is released from the first catalyst and then is purified. Under the stoichiometric or fuel-rich condition, the 
sulfur oxides released from the second catalyst are allowed to flow into the first catalyst. However, the absorption of the 
sulfur oxides into the first catalyst is substantially suppressed under the stoichiometric or fuel-rich condition. Therefore, 

25 it is not necessary to provide a special device for stopping the flow of the sulfur oxides, which have been released from 
the second catalyst into the first catalyst. 

[0020] There are the following four cases as to the above-mentioned at least one special component of the second 
catalyst. In each of the four cases, the second catalyst is improved in capability to release the absorbed sulfur oxides. 
In the first case, the at least one special component includes a second double oxide that is a combination of an alumina 

30 and at least one fifth element selected from Na, Mg, Ca, Sr, Ba, Y and La. In the first case, the at least one special com- 
ponent may further include at least one sixth element that is selected from Fe, Mn, Co and Ni and is loaded on the sec- 
ond double oxide. With this, the second catalyst may further be improved in capability to release the sulfur oxides. In 
the second case, the at least one special component includes an alumina and a third double oxide loaded on this alu- 
mina. This third double oxide comprises the at least one fifth element and the at least one sixth element. In the third 

35 case, the at least one special component includes a fourth double oxide and the at least one fifth element loaded on the 
fourth double oxide. This fourth double oxide is a combination of an alumina and the at least one sixth element In the 
fourth case, the at least one special component includes a fifth double oxide that is a combination of the at least one 
fifth element the at least one sixth element, and an alumina. The at least one special component of the second catalyst 
is preferably in an amount of 0. 1 -200 g per liter of the second catalyst, for the purpose of effectively absorbing and then 

40 effectively desorbing sulfur oxides. In fact, the second catalyst preferably contains 1 -30 wt% of the at least one fifth ele- 
ment for the purpose of absorbing and then desorbing sulfur oxides. Furthermore, it preferably contains 0.1-10 wt% of 
the at least one sixth element for the purpose of accelerating the desorption of the sulfur oxides. The method for pre- 
paring each of the second, third, fourth and fifth double oxides may be the same as that of the first double oxide of the 
first preferred embodiment, and thus its description will not be repeated here. 

45 [0021 ] The second catalyst of the second device preferably further comprises an optional powder containing at least 
one noble metal that is selected from platinum, palladium and rhodium and loaded on a porous carrier, for the purpose 
of improving the second catalyst in capability to absorb sulfur oxides. The amount of the at least one noble metal is not 
particularly limited, and is preferably from 0.1 to 10 g per liter of the second catalyst. The method for preparing this 
optional powder may be the same as that for preparing the first powder of the first preferred embodiment and thus its 

so description will not be repeated here. 

[0022] A device (catalytic converter) for purifying an exhaust gas according to a third preferred embodiment of the 
invention will be described in detail in the following. This device will be referred to as The third device" for simplification. 
In fact, according to the third preferred embodiment, the third device comprises a first catalyst having a multilayered cat- 
alytic coating. This first catalyst comprises a refractory inorganic substrate; a base layer formed on the substrate; and 

55 a surface layer formed on the base layer. As will be clarified hereinafter, it becomes possible to substantially suppress 
the direct contact of sulfur oxides of the exhaust gas with the NOx absorbing component of the bas layer by forming 
th surfac layer on the base layer. The surface layer preferably contains the aftermentioned special lementasasurfur 
trapping component Therefore, the surface layer absorbs sulfur oxides under the lean concfition and then releases or 
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desorbs the sulfur oxides under the stoichiometric or fuel-rich condtion. Due to the release under the stoichiometric or 
fuel-rich condition, the surface layer is capable of absorbing sulfur oxides again under the subsequent lean condition. 
Thus, it becomes possible to substantially reduce the amount of sulfur oxides flowing into the base layer. 
[0023] Th base layer and the surface layer respectively comprise first and second elements each being selected 
5 from alkali metals, alkali earth metals, rare earth elements and transition metals. The first element of the base layer as 
a NOx absorbing component is represented by M in the following reaction formula (1) and is such that drvyso^q in a 
reaction represented by the following reaction formula (1) has a free energy of reaction or Gibbs energy of reaction (AG) 
of not greater than -350 kJ/mol. for example, at 400°C, 

w a0 2 + bS02 + cMxO y ->dMp(S0 4 ) q (1) 

where a, b, c and d are numbers such that the reaction formula (1) is formed, and x, y, p and q are numbers each being 
greater than 0. In contrast, the second element of the surface layer as a sulfur trapping component is represented by 
M' in the following reaction formula (2) and is such that drvySO^, in a reaction represented by the following reaction 
is formula (2) has a Gibbs energy of reaction (AG) of greater than -350 kJ/mol, for example, at 400°C. 

aOz + bS02 + cM'xOy dM p(SO^ q (2) 

where a, b, c and d are numbers such that the reaction formula (2) is formed, and x, y, p and q are numbers each being 
20 greater than 0. Examples of the f irst element are Na, K, Ba, Cs, and mixtures thereof. In contrast, examples of the sec- 
ond element are Mg, Ca, Fe, Co. La and mixtures thereof. 

[0024] The above-defined first element of the base layer is extremely high in NOx absorbing or trapping capability. 
Once sulfur oxides of the exhaust gas reach the base layer, the first element may react with the sulfur oxides under the 
lean condition, to form sulfates of the first element These sulfates hardly decompose even under the stoichiometric or 

25 fuel-rich condition, and it is necessary to provide a very high temperature for the decomposition. Thus, these sulfates 
of the base layer may substantially damage the NOx absorbing capability of the base layer. To prevent this damage, the 
surface layer is formed on the base layer in the third preferred embodiment The above-defined second element of the 
surface layer serves as a sulfur trapping component, as will be clarified hereinafter. Once sulfur oxides of the exhaust 
gas are introduced into the first catalyst, the second element of the surface layer may react with the sulfur oxides under 

30 th lean condition, to form sulfates of the second element. Thus, the sulfur oxides of the exhaust gas are almost con- 
sumed in the surface layer and thus hardly reach the base layer. Furthermore, the sulfates of the second element 
formed in the surface layer may block the sulfur oxides from reaching the base layer. Therefore, the base layer is kept 
having a superior NOx absorbing capability. The sulfates of the second element are easily decomposed under the sto- 
ichiometric or fuel-rich condition, thereby to release sulfur oxides from the surface layer. With this, the surface layer 

35 regains the sulfur oxide absorption capability to absorb the sulfur oxides under the lean condition. Therefore, the base 
layer is kept having a superior NOx absorbing capability for a long time by alternating the lean condition and the stoi- 
chiometric or fuel-rich condition, if the engine is continuously driven under the lean condition without a so-called rich 
spike (i.e., an interruption of the lean condition by the stoichiometric or fuel-rich condition), the surface layer continues 
t absorb sulfur oxides of the exhaust gas and then finally will not absorb them any more. In other words, the sulfur 

40 absorption into the surface layer reaches the maximum. Even under this condition, the surface layer serves to substan- 
tially block the sulfur oxides from flowing into the base layer. Thus, the base layer is kept having a superior NOx absorb- 
ing capability. 

[0025] The surface layer also has a NOx absorbing capability, but it is inferior to that of the base layer. In fact, the NOx 
absorption capability of the surface layer may be reduced by the formation of sulfates of the second element under the 
45 lean condition. However, as mentioned above, these sulfates are easily decomposed under the subsequent stoichio- 
metric or fuel-rich condition, thereby to release sulfur oxides from the surface layer. With this, the surface layer regains 
the NOx absorption capability, too. 

[0026] The weight ratio of the base layer to the surface layer is preferably from 1 :3 to 3:1 . With this, it becomes pos- 
sible to have a good balance between the suppression of the above-mentioned adverse sulfur effects on the base layer 
so and the provision of the NOx absorption or purification capability. If this ratio is lower than 1 3, the catalyst may become 
insufficient in NOx absorption. If this ratio is greater than 3:1 , the adverse sulfur effects on the base layer may not suf- 
ficiently be suppressed. 

[0027] The base layer preferably comprises the second powder according to the first preferred embodiment. With this, 
even though a small amount of sulfur oxides reach the base layer, the sulfur oxides can easily be released from the 
55 base layer under the stoichiometric or fuel-rich condition. In other words, it becomes possible to further suppress the 
adverse sulfur effects on the base layer by adding the second powder to the base layer. 

[0028] ft is preferable to provide an interlay r between the base layer and the surface layer. This interlayer may com- 
prise at least one material selected from zeolite, TiOg. SiOg, and ZrO^ The interlayer serves to further suppress the 
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flow of sulfur oxides into the base layer. 

[0029] It is preferable to load the first element and/or the second element on a porous carrier, preferably on an alu- 
mina, in the preparation of the base layer and/or the surface layer, in order to increase the surface area of the base layer 
and/or the surface layer. With this, it becomes possible to have a good contact between the exhaust gas and the first 
5 element and/or the second element The alumina is preferably one having a high heat resistance. In particular, it is pref- 
erable to use an activated alumina having a specific surface area of about 50-300 m 2 /g. 

[0030] It is preferable that each constituent powder of the base and surface layers and the irrteriayer has an average 
or mean particle diameter of not greater than 4 urn. With this, the first catalyst becomes substantially large in surface 
area. Thus, it becomes possible to have a good contact between the exhaust gas and each catalytic component. There- 
to fore, it becomes possible to further increase the NOx absorption capability and the sulfur oxide releasing capability. 
[0031 ] If the temperature of the exhaust gas is adjusted to at least 500°C at least temporarily, preferably for at least 
30 seconds, at the inlet of the catalyst, it becomes easier to release the sulfur oxides. 

[0032] The refractory inorganic substrate of the third preferred embodiment may be the same as the substrate of the 
first preferred embodiment. Therefore, the descriptions of the latter is applied to the former and thus will not repeated 
15 here. 

[0033] The base layer and/or the surface layer preferably comprises at least one noble metal that is loaded thereon 
and is selected from platinum, palladium and rhodium, in order to serve as a three-way catalyst under the stoichiometric 
condition. It is preferable that the at least one noble metal is at least partially loaded on a porous carrier such as acti- 
vated alumina This porous carrier having thereon the at least one noble metal corresponds to the first powder accord- 

20 ing to the first preferred embodiment. It is optional to add an additive, such as rare earth elements (e.g., cerium and 
lanthanum) and zirconium, to an alumina used as the porous carrier, in order to improve the alumina in heat resistance. 
[0034] As mentioned in the first preferred embodiment, it is optional to add an additive (e.g., ceria, barium and zirco- 
nia) that has conventionally been used for a three-way catalyst, to the first catalyst of the third preferred embodiment, 
in order to improve the first catalyst in capability as a three-way catalyst under the stoichiometric condition. 

25 [0035] The third device optionally comprises a second catalyst that is downstream of the above mentioned first cata- 
lyst, in order to further improve the third device in capability as a three-way catalyst. This second catalyst comprises at 
least one noble metal selected from platinum, palladium and rhodium. 

[0036] Each of the first, second and third devices according to the first, second and third preferred embodiments of 
the invention may be used for purifying an exhaust gas from a lean-burn engine having an air-fuel ratio of 10-50 and in 
30 particular alternately having a first air-fuel ratio of 1 0-1 4.8 and a second air-fuel ratio of 1 5.0-50 by allowing the exhaust 
gas to flow through the device during the driving of the engine. In other words, NOx is absorbed or adsorbed under the 
lean condition (A/F: 15.0-50), and then this NOx is released and purified under the subsequent rich or stoichiometric 
condition (A/F: 10-14.8). 

[0037] The following nonlimrtative Examples 1 -1 to 1 -1 0 are illustrative of the first preferred embodiment of the present 
35 invention. 

EXAMPLE 1-1 

[0038] In this example, there was prepared a device (catalytic converter) for purifying an exhaust gas according to the 

40 first preferred embodiment of the invention, as follows. 

[0039] At first, a palladium nitrate aqueous solution was added to an activated alumina powder. Then, the obtained 
mixture was dried and then baked or calcined at 400°C for 1 hr, thereby to prepare "powder A", that is, an activated alu- 
mina powder supporting thereon palladium. This powder A contained 5.0 wt% of palladium. Separately, a rhodium 
nitrate aqueous solution was added to an activated alumina powder. Then, the obtained mixture was dried and then 

45 baked at 400°C for 1 hr, thereby to prepare "powder B", that is, a rhodium-supported activated alumina powder. This 
powder B contained 3.0 wt% of rhodium. Separately, citric acid was added to a mixture of lanthanum carbonate, barium 
carbonate and cobalt carbonate. Then, the obtained mixture was dried and then baked at 700°C to prepare "powder C". 
This powder C contained 2 parts by the number of atoms of La, 7 of Ba and 10 of Co. Thus, the composition of the pow- 
der C (double oxide) was (Ln 1 ^ l A a ) 1 .pB0 6 where Ln is La, A is Ba, B is Co, a is 0.78, and p is 0.1 , as shown in Table 1-1 . 

so [0040] Then, a magnetic ball mill was charged with 347 g of the powder A, 258 g of the powder B, 360 g of the powder 
C. 300 g of an activated alumina powder, and 900 g of water. Then, this ball mill was driven for 1 hr to mix and grind 
these ingredients, thereby to obtain a slurry. Then, this slurry was applied to a cordierite monolithic (honeycomb) sub- 
strate having a volume of 1 .3 liter and 400 cells. Then, an excessive amount of the slurry on the substrate was blown 
off by allowing air to flow through the cells. After that, the coated substrate was dried at 1 30°C and then baked at 400°C 

55 for 1 hr, thereby to obtain the aimed catalytic converter having 200 g of the catalytic coating formed on the substrate per 
liter of the substrate. The average particle diameter of the powders of this catalytic converter was 3.5 iim, as shown in 
Table 1-1 . Furthermore, the amounts of the noble metals (Pd and Rh) per liter of the substrate are respectively shown 
in Table 1-1. 
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EXAMPLE 1-2 

[0041] In this example, Example 1-1 was repeated except in that barium used for preparing the powder C was 
replaced with potassium. The average particle diameter of the powders of the catalytic converter was 3.5 jim. 

5 

EXAMPLE 1-3 

[0042] In this example, Example 1-1 was repeated except in that barium used for preparing the powder C was 
replaced with cesium. The average particle diameter of the powders of the catalytic converter was 3.5 nm. 

10 

EXAMPLE 1-4 

[0043] In this example, Example 1 -1 was repeated except in that cobalt used for preparing the powder C was replaced 
with iron. The average particle diameter of the powders of the catalytic converter was 3.5 urn. 

15 

EXAMPLE 1-5 

[0044] In this example, Example 1 -1 was repeated except in that cobalt used for preparing the powder C was replaced 
with nickel. The average particle diameter of the powders of the catalytic converter was 3.5 jim. 

20 

EXAMPLE 1-6 

[0045] In this example, Example 1 -1 was repeated except in that cobalt used for preparing the powder C was replaced 
with manganese. The average particle diameter of the powders of the catalytic converter was 3.5 jim. 

25 

EXAMPLE 1-7 

[0046] In this example, the catalytic converter obtained in Example 1-1 was immersed in a barium acetate aqueous 
solution. Then, the catalytic converter was taken out of this solution and then baked at 400°C for 1 hr. With this, the 
30 obtained catalytic converter contained 30 g of barium on an oxide basis per liter of the substrate. The average particle 
diameter of the powders of the catalytic converter was 3.5 urn. 

EXAMPLE 1* 

35 [0047] In this example, the catalytic converter obtained in Example 1 -1 was immersed in a magnesium acetate aque- 
ous solution. Then, the catalytic converter was taken out of this solution and then baked at 400°C for 1 hr. With this, the 
obtained catalytic converter contained 30 g of magnesium on an oxide basis per liter of the substrata The average par- 
ticle diameter of the powders of the catalytic converter was 3.5 *im. 

AO EXAMPLE 1-9 

[0048] In this example, Example 1 -1 was repeated except in that the slurry was prepared by mixing 509 g of the pow- 
der A, 360 g of the powder C, 32 g of the activated alumina powder, and 900 g of water. The average particle diameter 
of the powders of the catalytic converter was 3.5 \im. 

45 

EXAMPLE 1-10 

[0049] In this example, Example 1-1 was modified, as follows. A dinrtrodiammineplatinum aqueous solution was 
added to an activated alumina powder. The obtained mixture was baked at 400°C for 1 hr in a dry air, thereby to obtain 

so "powder D", that is, a platinum-supported activated alumina powder. This powder D contained 3.0 wt% of platinum. 
Then, a magnetic ball mill was charged with 289 g of the powder D, 29 g of the powder B and 360 g of the powder C, 
which had been obtained in Example 1 -1 , 222 g of an activated alumina powder, and 900 g of water. Then, a slurry was 
obtained in the same manner as that of Example 1-1 . Using this slurry, the aimed catalytic converter was obtained in 
the same manners as those of Example 1 -1 . The obtained catalytic converter had 200 g of a catalytic coating formed 

55 on the substrate per liter of the substrata The average particle cfiameter of the powders of this catalytic converter was 
3.5 jim. 
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COMPARATIVE EXAMPLE 1-1 

[0050] In this example, Example 1 -1 was repeated except in that the magnetic ball mill was driven for 30 rrtin. in place 
of 1 nr. The average particle diameter of the powders of the obtained catalytic converter was 4.5 jim. 

5 

COMPARATIVE EXAMPLE 1-2 

[0051] In this example, Example 1-1 was repeated except in that the magnetic ball mill was driven for 20 min, in place 
of 1 hr. The average particle diameter of the powders of the obtained catalytic converter was 5.5 urn. 

10 



Table 1-1 



15 



25 





Noble Metal (g/L) 


Double Oxide Composition (Ln^AJ-j. 
pB0 5 


Average particle Diame- 
ter (urn) 




Pt 


Pd 


Rh 


Ln 


A 


B 


a 


0 




Ex. 1-1 




3.85 


0.39 


La 


Ba 


Co 


0.78 


0.1 


3.5 


Ex. 1-2 




3.85 


0.39 


La 


K 


Co 


0.78 


0.1 


3.5 


Ex. 1^3 




3.85 


0.39 


La 


Cs 


Co 


0.78 


0.1 


3.5 


Ex. 1-4 




3.85 


0.39 


La 


Ba 


Fe 


0.78 


0.1 


3.5 


Ex. 1-5 




3.85 


0.39 


La 


Ba 


Ni 


0.78 


0.1 


3.5 


Ex. 1-6 




3.85 


0.39 


La 


Ba 


Mn 


0.78 


0.1 


3.5 


Ex. 1-7 




3.85 


0.39 


La 


Ba 


Co 


0.78 


0.1 


3.5 


Ex. 1-8 




3.85 


0.39 


La 


Ba 


Co 


0.78 


0.1 


3.5 


Ex. 1-9 




5.65 




La 


Ba 


Co 


0.78 


0.1 


3.5 


Ex. 1-10 


1.92 


0.19 




La 


Ba 


Co 


0.78 


0.1 


3.5 


Com.Ex.1-1 




3.85 


0.39 


La 


Ba 


Co 


0.78 


0.1 


4.5 


Com.Ex.1-2 




3.85 


0.39 


La 


Ba 


Co 


0.78 


0.1 


5.5 



FIRST EVALUATION TEST 

[0052] At first, the catalytic converters of Examples 1 -1 to 1 -1 0 and Comparative Examples 1 -1 to 1 -2 were each sub- 
jected to a durability test. In this test, each catalytic converter was installed in the exhaust system of an engine having 
40 a displacement of 4,400 cubic centimeters (cc). Then, this engine was driven for 50 hr by maintaining the temperature 
of the inlet of each catalytic converter at 600°C. 

[0053] Before and after the durability test, the catalytic converters of Examples 1-1 to 1 -10 and Comparative Exam- 
ples 1-1 to 1-2 were each subjected to an evaluation test. In this test, each catalytic converter was installed in the 
exhaust system of an engine having a displacement of 2,000 cc. Then, this engine was driven at first in a first mode for 
45 60 seconds with an air-fuel ratio of 1 4.7, then in a second mode for 20 seconds with an air-fuel ratio of 22.0. and then 
in a third mode for 20 seconds with an air-fuel ratio of 50.0, while the temperature of the inlet of each catalytic converter 
was maintained at 350°C. The total NOx conversion from the first mode to the third mode was determined by the fol- 
lowing expression: 

so The total NOx conversion (%) = [(a-b)/a] x 100 

where "a" is the total integrated amount of the NOx that was allowed to flow into the inlet of each catalytic con- 
verter from the first to third mode for 1 00 seconds, and "b" is the total integrated amount of the NOx that was exhausted 
from the outlet of each catalytic converter from the first to third mode for 100 seconds. The results are shown in Table 
55 1 -2. Similar to the above, the total HC and CO conversions from the first to third mode were also determined, and the 
results are shown in Table 1-2. 
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Table 1-2 



20 





Total Conversion before Dura- 
bility Test(%) 


Total Conversion aft r Durability 
Test(%) 




HC 


CO 


NOx 


HC 


CO 


NOx 


tx. I - 1 


98 


99 


85 


96 


98 


75 


CX. I -c. 


97 


99 


85 


95 


98 


74 




97 


99 


87 


95 


98 


77 


tx. I -*t 


97 


99 


84 


95 


98 


74 


tX. l-D 


97 


99 


84 


95 


98 


74 


Ex. 1-6 


98 


99 


83 


95 


98 


73 


Ex. 1-7 


97 


99 


86 


95 


98 


77 


Ex. 1-8 


97 


99 


86 


94 


98 


76 


Ex. 1-9 


97 


99 


87 


96 


98 


75 


Ex. 1-10 


95 


99 


80 


92 


98 


70 


Com. Ex. 1-1 


97 


99 


75 


94 


98 


62 


Com.Ex.1-2 


96 


99 


70 


94 


98 


60 



[0054] The following nonlimitative Examples 2-1 to 2-41 are illustrative of the second preferred embodiment of the 
present invention. 

30 EXAMPLE 2-1 

[0055] In this example, there was prepared a device (catalytic converter) for purifying an exhaust gas according to the 
second preferred embodiment of the invention, which has a first catalyst (downstream catalyst) and a second catalyst 
(upstream catalyst), as follows. 

35 [0056] The upstream catalyst was prepared, as follows. A magnesium acetate aqueous solution was added to an acti- 
vated alumina. Then, the obtained mixture was dried and then baked at 900°C for 4 hr, thereby to obtain "powder A", 
that is, a double oxide of magnesium and alumina. This powder A contained 10.0 wt% of magnesium. It is optional to 
prepare the powder A by mixing a magnesium acetate aqueous solution with an aluminum nitrate aqueous solution in 
amounts such that the powder A contains 10.0 wt% of magnesium, then by drying the mixture, and then by baking the 

40 mixture at 4O0°C for 4 hr. Furthermore, it is optional to prepare the powder A by adding a magnesium acetate aqueous 
solution to an activated alumina such that the powder A contains 10.0 wt% of magnesium, then by coprecipitating the 
magnesium ions with the activated alumina using aqueous ammonia, and then by drying the precipitate, followed by 
baking at 400°C for 4 hr. 

[0057] Then, a magnetic ball mill was charged with 900 g of the powder A and 900 g of water. Then, this ball mill was 
45 driven for 1 hr to mix and grind these ingrec5ents, thereby to obtain a slurry. Then, this slurry was applied to a cordierrte 
monolithic (honeycomb) substrate having a volume of 1.3 liter and 400 cells. Then, an excessive amount of the slurry 
on the substrate was blown off by allowing air to flow through the cells. After that the coated substrate was dried at 
1 30°C and then baked at 400°C for 1 hr, thereby to obtain the aimed upstream catalyst having 200 g of a catalytic coat- 
ing formed on the substrate per liter of the substrate. 
so [0058] Separately, powders B, C and D were prepared in the same manners as those for preparing the powders A, B 
and C of Example 1-1, respectively. Then, a magnetic ball mill was charged with 347 g of the powder B, 58 g of the pow- 
der C. 360 g of the powder D, 136 g of an activated alumina powder, and 900 g of water. Then, the magnetic ball mill 
was driven for 1 hr to mix and grind these ingredients, thereby to obtain a slurry. Then, this slurry was applied to a 
cordierrte monolithic (honeycomb) substrate having a volume of 1.3 liter and 400 cells. Then, an excessive amount of 
55 the slurry on the substrate was blown off by allowing air to flow through the cells. After that, the coated substrate was 
dried at 130°C and then baked at 400°C for I hr, th reby to obtain th aimed downstream catalyst having 200 g of a 
catalytic coating formed on the substrate per liter of the substrata Then, the aimed catalytic converter was prepared by 
connecting the upstream and downstream catalysts together. 
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EXAMPLE 2-2 

[0059] In this example, Example 2-1 was repeated except in that the magnesium acetate used for preparing the pow- 
der A was replaced with a sodium acetate aqueous solution. 

5 

EXAMPLE 2-3 

[0060] In this example, Example 2-1 was repeated except in that the magnesium acetate used for preparing the pow- 
der A was replaced with a calcium acetate aqueous solution. 

10 

EXAMPLE 2-4 

[0061] In this example, Example 2-1 was repeated except in that the magnesium acetate used for preparing the pow- 
der A was replaced with a strontium acetate aqueous solution. 

15 

EXAMPLE 2-5 

[0062] In this example, Example 2-1 was repeated except in that the magnesium acetate used for preparing the pow- 
der A was replaced with a barium acetate aqueous solution. 

20 

EXAMPLE 2-6 

[0063] In this example, Example 2-1 was repeated except in that the magnesium acetate used for preparing the pow- 
der A was replaced with an yttrium nitrate aqueous solution. 

25 

EXAMPLE 2-7 

[0064] In this example, Example 2-1 was repeated except in that the magnesium acetate used for preparing the pow- 
der A was replaced with a lanthanum nitrate aqueous solution. 

30 

EXAMPLE 2-8 

[0065] In this example, an upstream catalyst was prepared, as follows. A magnesium acetate aqueous solution was 
mixed with an iron nitrate aqueous solution. The resultant mixture was baked at 900°C for 4 hr in dry air, thereby to 

35 obtain a double oxide of magnesium and iron. Then, this double oxide was loaded on an activated alumina, followed by 
drying and then baking at 400°C for 2 hr, thereby to obtain "powder E". that is, an activated alumina powder having a 
double oxide of magnesium and iron, loaded thereon. This powder E contained 10.0 wt% of magnesium and 5 wt% of 
iron. Then, a magnetic ball mill was charged with 900 g of the powder E and 900 g of water. Then, this ball mill was 
driven for 1 hr to mix and grind these ingredients, thereby to obtain a slurry. Then, this slurry was applied to a cordierite 

40 monolithic (honeycomb) substrate having a volume of 1.3 liter and 400 cells. Then, an excessive amount of the slurry 
on the substrate was blown off by allowing air to flow through the cells. After that, the coated substrate was dried at 
130°C and then baked at 400°C for 1 hr, thereby to obtain the aimed upstream catalyst having 200 g of a catalytic coat- 
ing formed on the substrate per liter of the substrata Then, the aimed catalytic converter was prepared by connecting 
the obtained upstream catalyst with the downstream catalyst obtained in Example 2-1 . 

45 

EXAMPLE 2-9 

[0066] In this example, Example 2-8 was repeated except in that the magnesium acetate aqueous solution used for 
preparing the powder E was replaced with a sodium acetate aqueous solution. 

so 

EXAMPLE 2-10 

[0067] In this example, Example 2-8 was repeated except in that the magnesium acetate aqueous solution used for 
preparing the powder E was replaced with a calcium acetate aqueous solution. 

55 

EXAMPLE 2-11 

[0068] In this example. Example 2-8 was repeated except in that the magnesium acetat aqueous solution used for 
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preparing the powder E was replaced with a strontium acetate aqueous solution. 
EXAMPLE 2-12 

5 [0069] In this example, Example 2-8 was repeated except in that the magnesium acetate aqueous solution used for 
preparing the powder E was replaced with a barium acetate aqueous solution. 

EXAMPLE 2-13 

10 [0070] In this example, Example 2-8 was repeated except in that the magnesium acetate aqueous solution used for 
preparing the powder E was replaced with an yttrium nitrate aqueous solution. 

EXAMPLE 2-14 

is [0071 ] In this example. Example 2-8 was repeated except in that the magnesium acetate aqueous solution used for 
preparing the powder E was replaced with a lanthanum nitrate aqueous solution. 

EXAMPLE 2-15 

20 [0072] In this example, Example 2-8 was repeated except in that the iron nitrate aqueous solution used for preparing 
the powder E was replaced with a manganese nitrate aqueous solution. 

EXAMPLE 2-16 

25 [0073] In this example, Example 2-8 was repeated except in that the iron nitrate aqueous solution used for preparing 
the powder E was replaced with a cobalt nitrate aqueous solution. 

EXAMPLE 2-17 

30 [0074] In this example, Example 2-8 was repeated except in that the iron nitrate aqueous solution used for preparing 
th powder E was replaced with a nickel nitrate aqueous solution. 

EXAMPLE 2-18 

35 [0075] In this example, an upstream catalyst was prepared, as follows. An iron nitrate aqueous solution was added to 
the powder A obtained in Example 2-1 , followed by drying and then baking at 400°C for 2 hr, thereby to obtain "powder 
P. Then, a magnetic ball mill was charged with 900 g of the powder F and 900 g of water. Then, this ball mill was driven 
for 1 hr to mix and grind these ingredients, thereby to obtain a slurry. Then, this slurry was applied to a cordierrte mon- 
olithic (honeycomb) substrate having a volume of 1 .3 liter and 400 cells. Then, an excessive amount of the slurry on the 

ao substrate was blown off by allowing air to flow through the cells. After that, the coated substrate was dried at 130°C and 
then baked at 400°C for 1 hr, thereby to obtain the aimed upstream catalyst having 200 g of a catalytic coating formed 
on the substrate per liter of the substrate. Then, the aimed catalytic converter was prepared by connecting the obtained 
upstream catalyst with the downstream catalyst obtained in Example 2-1 . 

45 EXAMPLE 2-19 

[0076] In this example, Example 2-18 was repeated except in that the magnesium acetate aqueous solution used for 
preparing the powder A was replaced with a sodium acetate aqueous solution. 

so EXAMPLE 2-20 

[0077] In this example. Example 2-18 was repeated except in that the magnesium acetate aqueous solution used for 
preparing the powder A was replaced with a calcium acetate aqueous solution. 

55 EXAMPLE 2-21 

[0078] In this example, Example 2-1 8 was repeated except in that the magnesium acetate aqueous solution used for 
preparing the powder A was replaced with a strontium acetate aqueous solution. 
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EXAMPLE 2-22 

[0079] In this example. Example 2-1 8 was repeated except in that the magnesium acetate aqueous solution used for 
preparing the powder A was replaced with a barium acetate aqueous solution. 

5 

EXAMPLE 2-23 

[0080] In this example, Example 2-1 8 was repeated except in that the magnesium acetate aqueous solution used for 
preparing the powder A was replaced with an yttrium nitrate aqueous solution. 

10 

EXAMPLE 2-24 

[0081 ] In this example. Example 2-1 8 was repeated except in that the magnesium acetate aqueous solution used for 
preparing the powder A was replaced with a lanthanum nitrate aqueous solution. 

15 

EXAMPLE 2-25 

[0082] In this example, Example 2-18 was repeated except in that the iron nitrate aqueous solution used for preparing 
the powder F was replaced with a manganese nitrate aqueous solution. 

20 

EXAMPLE 2-26 

[0083] In this example. Example 2-18 was repeated except in that the iron nitrate aqueous solution used for preparing 
the powder F was replaced with a cobalt nitrate aqueous solution. 

25 

EXAMPLE 2-27 

[0084] In this example, Example 2-18 was repeated except in that the iron nitrate aqueous solution used for preparing 
the powder F was replaced with a nickel nitrate aqueous solution. 

30 

EXAMPLE 2-28 

[0085] An upstream catalyst was prepared, as follows. An iron nitrate aqueous solution was added to an activated 
alumina. Then, the mixture was dried and then baked at 900°C for 4 hr in the air, thereby to obtain a double oxide pow- 

35 der of iron and alumina. Then, a magnesium acetate aqueous solution was added to this powder. Then, the mixture was 
dried and then baked at 400°C for 2 hr in the air, thereby to obtain a powder. This powder contained 10.0 wt% of mag- 
nesium and 5 wt% of iron. Then, a magnetic ball mill was charged with 900 g of the powder and 900 g of water. Then, 
this ball mill was driven for 1 hr to mix and grind these ingredients, thereby to obtain a slurry. Then, this slurry was 
applied to a cordierite monolithic (honeycomb) substrate having a volume of 1 .3 liter and 400 cells. Then, an excessive 

40 amount of the slurry on the substrate was blown off by allowing air to flow through the cells. After that, the coated sub- 
strate was dried at 130°C and then baked at 400°C for 1 hr, thereby to obtain the aimed upstream catalyst having 200 
g of a catalytic coating formed on the substrate per liter of the substrate. Then, the aimed catalytic converter was pre- 
pared by connecting the obtained upstream catalyst with the downstream catalyst obtained in Example 2-1. 

45 EXAMPLE 2-29 

[0086] An upstream catalyst was prepared, as follows. A magnesium acetate aqueous solution and an iron nitrate 
aqueous solution were added to an activated alumina. Then, the mixture was dried and then baked at 900°C for 4 hr in 
the air, thereby to obtain "powder G", that is, a double oxide powder of magnesium and alumina. This powder G con- 
so tained 1 0.0 wt% of magnesium and 5 wt% of iron. It is optional to prepare the powder G by mixing a magnesium acetate 
aqueous solution with an aluminum nitrate aqueous solution in amounts such that the powder G contains 10.0 wt% of 
magnesium and 5 wt% of iron, and then by drying the mixture, followed by baking at 400°C for 4 hr in the air. Further- 
more, it is optional to prepare the powder G by adding a magnesium acetate aqueous solution and an iron nitrate aque- 
ous solution to an activated alumina such that the powder G contains 1 0.0 wt% of magnesium and 5 wt% of iron, then 
55 by copreciprtating the magnesium and iron ions with the activated alumina using aqueous ammonia, and then by drying 
the precipitate, followed by baking at 400°C for 4 hr. 

[0087] Then, a magnetic ball mill was charged with 900g of the powd r G and 900 g of water. Then, this ball mill was 
driven for 1 hr to mix and grind these ingrecfients, thereby to obtain a slurry. Then, this slurry was applied to a cordierite 
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monolithic (honeycomb) substrate having a volume of 1.3 liter and 400 ceils. Then, an excessive amount of the slurry 
on the substrate was blown off by allowing air to flow through the cells. After that the coated substrate was dried at 
1 30°C and then baked at 400°C for 1 hr, thereby to obtain the aimed upstream catalyst having 200 g of a catalytic coat- 
ing formed on the substrate per liter of the substrate. Then, the aimed catalytic converter was prepared by connecting 
5 the obtained upstream catalyst with the downstream catalyst obtained in Example 2-1 . 

EXAMPLE 2-30 

[0088] in this example. Example 2-29 was repeated except in that the magnesium acetate aqueous solution used for 
10 preparing the powder G was replaced with a sodium acetate aqueous solution. 

EXAMPLE 2-31 

[0089] In this example, Example 2-29 was repeated except in that the magnesium acetate aqueous solution used for 
15 preparing the powder G was replaced with a calcium acetate aqueous solution. 

EXAMPLE 2-32 

[0090] In this example, Example 2-29 was repeated except in that the magnesium acetate aqueous solution used for 
20 preparing the powder G was replaced with a strontium acetate aqueous solution. 

EXAMPLE 2-33 

[0091 ] In this example, Example 2-29 was repeated except in that the magnesium acetate aqueous solution used for 
25 preparing the powder G was replaced with a barium acetate aqueous solution. 

EXAMPLE 2-34 

[0092] In this example, Example 2-29 was repeated except in that the magnesium acetate aqueous solution used for 
30 preparing the powder G was replaced with an yttrium nitrate aqueous solution. 

EXAMPLE 2-35 

[0093] In this example, Example 2-29 was repeated except in that the magnesium acetate aqueous solution used for 
35 preparing the powder G was replaced with a lanthanum nitrate aqueous solution. 

EXAMPLE 2^36 

[0094] In this example, Example 2-29 was repeated except in that the iron nitrate aqueous solution used for preparing 
40 the powder G was replaced with a manganese nitrate aqueous solution. 

EXAMPLE 2-37 

[0095] In this example, Example 2-29 was repeated except in that the iron nitrate aqueous solution used for preparing 
45 th powder G was replaced with a cobalt nitrate aqueous solution. 

EXAMPLE 2-38 

[0096] in this example. Example 2-29 was repeated except in that the iron nitrate aqueous solution used for preparing 
so the powder G was replaced with a nickel nitrate aqueous solution. 

EXAMPLE 2-39 

[0097] In this example, an upstream catalyst was prepared, as follows. A palladium nitrate aqueous solution was 
55 added to the powder G obtained in Example 2-29. followed by drying and then baking at 400°C for 2 hr, thereby to 
obtain "powder H". This powd r H contained 5 wt% of palladium. Then, a magnetic ball mill was charged with 900 g of 
the powder H and 900 g of wat r. Then, this ball mill was driven for 1 hr to mix and grind these ingredients, thereby to 
obtain a slurry. Then, this slurry was applied to a cordierite monolithic (honeycomb) substrate having a volume of 1 .3 
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liter and 400 cells. Then, an excessive amount of the slurry on the substrate was blown off by allowing air to flow through 
the cells. After that the coated substrate was dried at 130°C and then baked at 400°C for 1 hr, thereby to obtain th 
aimed upstream catalyst having 200 g of a catalytic coating formed on the substrate per liter of the substrate. Then, the 
aimed catalytic converter was prepared by connecting the obtained upstream catalyst with the downstream catalyst 
5 obtained in Example 2-1 . 

EXAMPLE 2-40 

[0098] In this example, Example 2-39 was repeated except in that the palladium nitrate aqueous solution used for pre- 
w paring the powder H was replaced with an aqueous solution containing a mixture of palladium nitrate and rhodium 
nitrate. This aqueous solution contained 5 wt% of the noble metals (Pd:Rh by weight = 17:1). 

EXAMPLE 2-41 

is [0099] In this example. Exarrple 2-39 was repeated except in that the palladium nitrate aqueous solution used for pre- 
paring the powder H was replaced with an aqueous solution containing a mixture of dinitrodiammineplatinum and rho- 
dium nitrate. This aqueous solution contained 5 wt% of the noble metals (Pt:Rh by weight = 17:1). 

COMPARATIVE EXAMPLE 2-1 

20 

[0100] In this comparative example, Example 2-1 was repeated except in that the upstream catalyst was omitted. 
COMPARATIVE EXAMPLE 2-2 

25 [0101] In this comparative example, a downstream catalyst was prepared, as follows. A dinitrodiammineplatinum 
aqueous solution was added to an activated alumina. Then, the mixture was dried and then baked at 400°C for 1 hr in 
the air, thereby to obtain an activated alumina powder having platinum loaded thereon. This powder contained 5.0 wt% 
of platinum. Then, a magnetic ball mill was charged with 900 g of the powder and 900 g of water. Then, this ball mill was 
driven for 1 hr to mix and grind these ingredients, thereby to obtain a slurry. Then, this slurry was applied to a cordierrte 

30 monolithic (honeycomb) substrate having a volume of 1.3 liter and 400 cells. Then, an excessive amount of the slurry 
on the substrate was blown off by allowing air to flow through the cells. After that, the coated substrate was dried at 
130°C and then baked at 400°C for 1 hr, thereby to obtain a downstream catalyst having 200 g of a catalytic coating 
formed on the substrate per liter of the substrata Then, the downstream catalyst was immersed in a barium acetate 
aqueous solution, thereby to have barium thereon in an amount of 30 g in the form of barium oxide per liter of the sub- 

35 strate. Then, the aimed catalytic converter was prepared by connecting the upstream catalyst obtained in Example 2-1 
with the obtained downstream catalyst. 

COMPARATIVE EXAMPLE 2-3 

40 [0102] In this comparative example, an upstream catalyst was prepared, as follows. A magnesium acetate aqueous 
solution was added to an activated alumina. Then, the mixture was dried and then baked at 400°C for 1 hr in the air, 
thereby to obtain an activated alumina powder having magnesium loaded thereon. This powder contained 10.0 wt% of 
magnesium. Then, a magnetic ball mill was charged with 900 g of the powder and 900 g of water. Then, this ball mill 
was driven for 1 hr to mix and grind these ingredients, thereby to obtain a slurry. Then, this slurry was applied to a 

45 cordierite monolithic (honeycomb) substrate having a volume of 1 .3 liter and 400 cells. Then, an excessive amount of 
the slurry on the substrate was blown off by allowing air to flow through the cells. After that, the coated substrate was 
dried at 1 30°C and then baked at 400°C for 1 hr, thereby to obtain an upstream catalyst having 200 g of a catalytic coat- 
ing formed on the substrate per liter of the substrate. Then, the aimed catalytic converter was prepared by connecting 
the obtained upstream catalyst with the downstream catalyst obtained in Example 2-1 . 

50 

SECOND EVALUATION TEST 

[0103] At first, the catalytic converters of Examples 2-1 to 2-41 and Comparative Examples 2-1 to 2-3 were each sub- 
jected to a durability test. In this test, each catalytic converter was installed in the exhaust system of an engine having 
55 a displacement of 4,400 cubic centimeters (cc). Then, this engine was driven for 50 hr by maintaining the temperature 
of the inlet of the upstream catalyst at 650°C and then for 5 hr by maintaining th same at 350°C. Upon this, a gasoline 
containing 300 ppm of sulfur was used for driving the engine. 

[0104] Before and after the durability test, the catalytic converters of Examples 2-1 to 2-41 and Comparative Exam- 
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pies 2-1 to 2-3 were each subjected to an evaluation test In this test, each catalytic converter was installed in the 
exhaust system of an engine having a displacement of 2,000 cc. Then, this engine was driven by using a gasoline con- 
taining 300 ppm of sulfur at first in a first mode for 20 seconds with an air-fuel ratio of 1 4.7, then in a second mode for 
30 seconds with an air-fuel ratio of 22.0, and then in a third mode for 30 seconds with an air-fu I ratio of 50.0. The total 
5 NOx conversion from the first to third mode was determined in the same manner as that of the First Evaluation Test, 
and the results are shown in Tab! 2-1 . Similar to the above the total HC and CO conv rsions from the first to third mode 
were determined, and the results are also shown in Table 2-1 . 

[0105] It is understood from Table 2-1 that the total NOx conversion of Comparative Example 2-1 is inferior to that of 
Example 2-1 . The reason of this will be discussed in the following. In case of the catalytic converter according to Com- 

10 parative Example 2- 1 , in which the upstream catalyst was omitted, sulfur oxides of the exhaust gas are directly intro- 
duced into the downstream catalyst (i.e., NOx-absorbing catalyst). With this, it is assumed that the sulfur oxides are 
trapped by the downstream catalyst and hardly desorbed therefrom. This may reduce the NOx absorption capability of 
the downstream catalyst Furthermore, it is understood from Table 2-1 that the total NOx conversion of Comparative 
Example 2-2 is inferior to that of Example 2-1 . The reason of this will be discussed in the following. In case of the cata- 

15 lytic converter according to Comparative Example 2-2, in which the downstream catalyst is not in accordance with the 
second preferred embodiment of the invention, sulfur oxide desorbed from the upstream catalyst under the stoichiomet- 
ric condition are introduced into the downstream catalyst and then turn into sulfate at the downstream catalyst. It is 
assumed that this sulfate is bonded with the NOx absorbent of the downstream catalyst and is not easily desorbed 
therefrom. This may reduce the NOx absorption capability of the downstream catalyst. In contrast according to Exam- 

20 pie 2-1 , rt may be possible to prevent the absorption of sulfur oxide, which has been desorbed from the upstream cata- 
lyst under the stoichiometric or fuel -rich condition, into the downstream catalyst. Furthermore, it is understood from 
Table 2-1 that the total NOx conversion of Comparative Example 2-3 is inferior to that of Example 2-1 . The reason of 
this will be discussed in the following. In case of the catalytic converter according to Comparative Example 2-3, it is 
assumed that a double oxide of magnesium and alumina is not formed in the upstream catalyst. This may have reduced 

25 th total NOx conversion. In contrast, according to Example 2-1 , a double oxide of magnesium and alumina is formed 
in the upstream catalyst This may improve the capability to desorb suffur oxides and thus may increase the total NOx 
conversion. 



Table 2-1 



50 



55 





Total Conversion before Dura- 
bility Test(%) 


Total Conversion after Durability 
Test(%) 




HC 


CO 


NOx 


HC 


CO 


NOx 


Ex. 2-1 


98 


99 


83 


96 


98 


72 


Ex. 2-2 


97 


99 


81 


95 


97 


71 


Ex. 2-3 


97 


99 


83 ! 


95 


98 


71 


Ex. 2-4 


97 


99 


82 


95 


97 


72 


Ex. 2-5 


98 


99 


80 


95 


98 


70 


Ex. 2-6 


97 


99 


81 


95 


98 


70 


Ex. 2-7 


97 


99 


82 


96 


98 


71 


Ex. 2-8 


97 


99 


88 


95 


98 


77 


Ex. 2-9 


98 


99 


86 


95 


98 


76 


Ex. 2-10 


98 


99 


86 


96 


97 


76 


Ex. 2-11 


96 


99 


85 


94 


98 


76 


Ex 2-12 


97 


99 


83 


94 


98 


75 


Ex 2-13 


97 


99 


86 


95 


98 


76 


Ex 2-14 


98 


99 


84 


95 


98 


76 


Ex 2 -15 


98 


99 


87 


94 


98 


77 


Ex 2-16 


97 


99 


87 


95 


97 


76 
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Table 2-1 (continued) 







Total Conversion before Dura- 
bility Test(%) 


Total Conversion after Durability 
Test(%) 


5 




HC 


CO 


NOx 


HC 


CO 


NOx 




Ex. 2-17 


97 


99 


87 


94 


97 


76 




Ex. 2-18 


98 


99 


88 


96 


98 


78 


10 


Ex. 2-19 


98 


99 


87 


96 


97 


77 


Ex. 2-20 


97 


99 


86 


96 


97 


76 




Ex. 2-21 


97 


99 


86 


95 


98 


77 




Ex. 2-22 


98 


99 


86 


95 


98 


76 


15 


Ex. 2-23 


98 


99 


87 


96 


97 


78 




Ex. 2-24 


97 


99 


85 


95 


98 


76 




Ex. 2-25 


98 


99 


87 


96 


97 


77 


20 


Ex. 2-26 


98 


99 


88 


95 


98 


76 


Ex. 2-27 


98 


99 


87 


95 


97 


78 




Ex. 2-28 


97 


99 


88 


96 


97 


77 




Ex. 2-29 


98 


99 


89 


97 


98 


78 


25 


Ex. 2-30 


97 


99 


87 


96 


97 


77 




Ex. 2-31 


98 


99 


87 


96 


97 


78 




Ex. 2-32 


98 


99 


86 


95 


98 


76 


30 


Ex. 2-33 


98 


99 


87 


96 


98 i 


77 


Ex. 2-34 


97 


99 


87 


97 


98 


78 




Ex. 2-35 


98 


99 


87 


95 


98 


77 




Ex. 2-36 


98 


99 


88 


96 


97 


78 


35 


Ex. 2-37 


98 


99 


88 


96 


98 


76 




Ex. 2-38 


97 


99 


88 


95 


98 


78 




Ex. 2-39 


98 


99 


89 


97 


98 


78 


40 


Ex. 2-40 


98 


99 


89 


96 


97 


78 


Ex. 2-41 


98 


99 


90 


97 


98 


81 




Com.Ex. 2-1 


96 


99 


65 


94 


98 


52 




Com. Ex. 2-2 


95 


99 


58 


92 


98 


47 


45 


Com. Ex. 2-3 


97 


99 


70 


95 


98 


60 



[0106] The following nonlirrtitative Examples 3-1 to 3-22 are illustrative of the third preferred embodiment of the 
present invention. 

50 

EXAMPLE 3-1 

[01 07] In this example, there was prepared a device (catalytic converter) for purifying an exhaust gas according to the 
third preferred embodiment of the present invention, which has a murtilayered catalytic coaling, as follows. 
55 [0108] A base layer of the muttflayered catalytic coating was formed, as follows. A barium acetate aqueous solution 
was added to an activated alumina. Then, the obtained mixture was dried and then baked or calcined at 400°C for 1 hr 
in the air, thereby to prepare "powd r A", that is, an alumina powder having barium loaded thereon. This powder A con- 
tained 20.0 wt% of barium. Then, a palladium nitrat aqueous solution was added to the powd r A. Then, th obtained 
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mixture was dried and then baked at 400°C for 1 hr in the air, thereby to prepare "powder B", that is. an alumina powder 
supporting thereon barium and palladium. This powder B contained 5.0 wt% of palladium, as shown in Table 3-1 . Then, 
a rhodium nitrate aqueous solution was added to the powder A. Then, the obtained mixture was dried and then baked 
at 400°C for 1 hr in the air, thereby to prepare "powder C", that is, an activated alumina powder supporting thereon bar- 

5 ium, palladium and rhodium. This powder C contained 2.0 wt% of rhodium, as shown in Table 3-1 . Then, a magnetic 
ball mill was charged with 522 g of the powder B, 135 g of powder C, 243 g of an activated alumina powder, and 900 g 
of water. Then, this ball mill was driven for 1 hr to mix and grind these ingredients, thereby to obtain a slurry. The parti- 
cles of the slurry had an average particle diameter of 5 iim. Then, this slurry was applied to a cordierite monolithic (hon- 
eycomb) substrate having a volume of 1 .3 liter and 400 cells. Then, an excessive amount of the slurry on the substrate 

w was blown off by allowing air to flow through the cells. After that, the coated substrate was dried at 130°C and then 
baked at 400°C for 1 hr, thereby to form on the substrate 200 g of a base layer per liter of the substrate. 
[0109] Separately, a magnesium acetate aqueous solution was added to an activated alumina Then, the obtained 
mixture was dried and then baked at 400°C for 1 hr in the air, thereby to prepare "powder D", that is, an alumina powder 
having magnesium loaded thereon. This powder D contained 10.0 wt% of magnesium, as shown in Table 3-1. Then, a 

75 palladium nitrate aqueous solution was added to the powder D. Then, the obtained mixture was dried and then baked 
at 400°C for 1 hr in the air, thereby to prepare "powder E". This powder E contained 5 wt% of palladium, as shown in 
Table 3-1. Then, a magnetic ball mill was charged with 763 g of the powder E. 137 g of an activated alumina powder, 
and 900 g of water. Then, this ball mill was driven for 1 hr to mix and grind these ingredients, thereby to obtain a slurry. 
The particles of the slurry had an average particle diameter of 5 pan. Then, this slurry was applied to the coated sub- 

20 strate having the base layer formed on the substrate. Then, an excessive amount of the slurry on the base layer was 
blown off by allowing air to flow through the cells. After that, the coated substrate was dried at 130°C and then baked at 
400°C for 1 hr, thereby to obtain the aimed catalytic converter having 100 g of a surface layer per liter of the substrate, 
on the base layer. Table 3-1 shows the chemical compositions of the base layer and the surface layer, except the acti- 
vated alumina. It should be noted that the weight percent of each element (e.g., barium) in Table 3-1 is based on the 

25 total weight of each preparatory powder (e.g., the powder A), as mentioned above. The values of Gibbs energy of reac- 
ti n of sulfates of the respective elements at 400°C are shown in Table 3-1 . 

EXAMPLE 3-2 

30 [01 1 0] In this example, Example 3-1 was repeated except in that the magnesium acetate aqueous solution used for 
preparing the powder D was replaced with a calcium nitrate aqueous solution. 

EXAMPLE 3-3 

35 [01 1 1 ] In this example. Example 3-1 was repeated except in that the magnesium acetate aqueous solution used for 
preparing the powder D was replaced with an iron nitrate aqueous solution. 

EXAMPLE 3-4 

40 [0112] In this example. Example 3-1 was repeated except in that the magnesium acetate aqueous solution used for 
preparing the powder D was replaced with a cobalt acetate aqueous solution. 

EXAMPLE 3-5 

45 [01 1 3] In this example, Example 3-1 was repeated except in that the magnesium acetate aqueous solution used for 
preparing the powder D was replaced with a lanthanum nitrate aqueous solution. 

EXAMPLE 3-6 

50 [01 1 4] In this example, Example 3-1 was repeated except in that the barium acetate aqueous solution used for pre- 
paring the powder A was replaced with a cesium carbonate aqueous solution. 

EXAMPLE 3-7 

55 [01 1 5] In this example. Example 3-1 was repeated except in that the barium acetate aqueous solution used for pre- 
paring the powder A was replaced with a sodium carbonate aqueous solution. 
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EXAMPLE 3^8 

[01 1 6] In this example. Example 3-1 was repeated except in that the barium acetate aqueous solution used for pre- 
paring the powder A was replaced with a potassium carbonate aqueous solution. 

5 

EXAMPLE 3-9 

[01 17] In this example, Example 3-1 was repeated except in that the manner of the formation of the surface layer on 
the base layer was modified as follows. A rhodium nitrate aqueous solution was added to the powder D of Example 3- 

w 1 . Then, the obtained mixture was dried and then baked or calcined at 400°C for 1 hr in the air, thereby to prepare "pow- 
der P, that is, an alumina powder supporting thereon rhodium and magnesium. This powder F contained 2.0 wt% of 
rhodium. Then, a magnetic ball mill was charged with 693 g of the powder E of Example 3-1 , 1 74 g of the powder F, 33 
g of an activated alumina powder, and 900 g of water. Then, this ball mill was driven to mix and grind these ingredients, 
thereby to obtain a slurry. The particles of the slurry had an average particle diameter of 5 jim. Then, this slurry was 

15 applied to the coated substrate having the base layer formed on the substrate in accordance with Example 3-1 . Then, 
an excessive amount of the slurry on the base layer was blown off by allowing air to flow through the cells. After that, 
the coated substrate was dried at 130°C and then baked at 400°C for 1 hr, thereby to obtain the aimed catalytic con- 
verter having 100 g of a surface layer per liter of the substrate, on the base layer. 

20 EXAMPLE 3-10 

[0118] In this example, Example 3-1 was repeated except in that the manner of the formation of the surface layer on 
the base layer was modified as follows. A dinitrodiammine-platinum aqueous solution was added to the powder D of 
Example 3-1 . Then, the obtained mixture was dried and then baked or calcined at 400°C for 1 hr in the air, thereby to 

25 prepare "powder G", that is, an alumina powder supporting thereon platinum and magnesium. This powder G contained 
5.0 wt% of platinum. Then, a magnetic ball mill was charged with 436 g of the powder G. 1 80 g of the powder F of Exam- 
ple 3-9, 284 g of an activated alumina powder, and 900 g of water. Then, this ball mill was driven to mix and grind these 
ingredients, thereby to obtain a slurry. The particles of the slurry had an average particle diameter of 5 jm Then, this 
slurry was applied to the coated substrate having the base layer formed on the substrate in accordance with Example 

30 3-1 . Then, an excessive amount of the slurry on the base layer was blown off by allowing air to flow through the cells. 
After that, the coated substrate was dried at 130°C and then baked at 400°C for 1 hr, thereby to obtain the aimed cat- 
alytic converter having 1 00 g of a surface layer per liter of the substrate, on the base layer. 

EXAMPLE 3-11 

35 

[01 1 9] In this example. Example 3-1 was repeated except in that the manner of the formation of the base layer on the 
substrate was modified as follows. A dinitrodiammine-platinum aqueous solution was added to the powder A of Exam- 
ple 3-1 . Then, the obtained mixture was dried and then baked at 400°C for 1 hr in the air, thereby to prepare "powder 
H", that is, an alumina powder supporting thereon platinum and barium. This powder H contained 5.0 wt% of platinum. 

40 Then, a magnetic ball mill was charged with 382 g of the powder H, 160 g of the powder C of Example 3-1, 358 g of an 
activated alumina powder, and 900 g of water. Then, this ball mill was driven for 1 hr to mix and grind these ingredients, 
thereby to obtain a slurry. The particles of the slurry had an average particle diameter of 5 *im. Then, this slurry was 
applied to a cordierite monolithic (honeycomb) substrate having a volume of 1 .3 liter and 400 cells. Then, an excessive 
amount of the slurry on the substrate was blown off by allowing air to flow through the cells. After that, the coated sub- 

45 strate was dried at 130°C and then baked at 400°C for 1 hr, thereby to form on the substrate 200 g of a base layer per 
liter of the substrate. Then, a surface layer was formed on the base layer in the same manner as that of Example 3-1 . 

EXAMPLE 3-12 

so [0120] In this example, Example 3-1 was repeated except in that the manner of the formation of the base layer on the 
substrate was modified as follows. A palladium nitrate aqueous solution was added to an activated alumina powder. 
Then, the obtained mixture was dried and then baked at 400°C for 1 hr in the air, thereby to prepare "powder I", that is, 
an alumina powder supporting thereon palladium. This powder I contained 6.0 wt% of palladium. Separately, a rhodium 
nitrate aqueous solution was added to an activated alumina powder. Then, the obtained mixture was dried and then 

55 baked at 400°C for 1 hr in the air. thereby to prepare "powder J", that is, an alumina powder supporting thereon rhodium. 
This powder J contained 3.0 wt% of rhodium. Separately, citric acid was added to a mixture of lanthanum carbonate, 
barium carbonate and cobalt carbonate. Then, th obtained mixture was dried and then baked at 700°C to prepare 
"powder K". This powder K contained 2 parts by the number of atoms of La, 7 of Ba and 10 of Co. Thus, the composition 
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of the powder K (double oxide) was Lao 2 Bao 7 CoO x , where X is a number greater than 0, as shown in Table 3-1 . Then, 
a magnetic ball mill was charged with 435 g of the powder 1, 90 g of the powder J, 15 g of an activated alumina powder, 
and 900 g of water. Then, this ball mill was driven for 1 hr to mix and grind these ingredients, thereby to obtain a slurry. 
The particles of the slurry had an average particle diameter of 5 ^m. "men, this slurry was applied to a cordierrte mon- 
5 olithic (honeycomb) substrate having a volume of 1 .3 liter and 400 cells. Then, an excessive amount of the slurry on the 
substrate was blown off by allowing air to flow through th cells. After that, the coated substrate was dried at 130°C and 
then baked at 400°C for 1 hr, thereby to form on the substrate 200 g of a base layer per liter of the substrate. Then, a 
surface layer was formed on the base layer in the same manner as that of Example 3-1 . 

w EXAMPLE 3-13 

[0121] In this example, Example 3-1 was repeated except in that an interlayer was additionally formed between the 
base layer and the surface layer, as follows. A magnetic ball mill was charged with 810 g of a MFI zeolite powder, 90 g 
of an activated alumina powder, and 900 g of water. Then, this ball mill was driven for 1 hr to mix and grind these ingre- 
15 dierrts, thereby to obtain a slurry. Then, this slurry was applied to the coated substrate having the base layer formed on 
the substrate. Then, an excessive amount of the slurry on the substrate was blown off by allowing air to flow through 
the cells. After that, the coated substrate was dried at 130°C and then baked at 400°C for 1 hr, thereby to form on the 
base layer 50 g of a zeolite layer (interlayer) per liter of the substrate. Then, a surface layer was formed on the interlayer 
in the same manner as that of Example 3-1 . 

20 

EXAMPLE 3-14 

[0122] In this example, Example 3-13 was repeated except in that the MFI zeolite powder was replaced with a Ti0 2 
powder. 

25 

EXAMPLE 3-15 

[0123] In this example, Example 3-13 was repeated except in that the MFI zeolite powder was replaced with a Si0 2 
powder. 

30 

EXAMPLE 3-16 

[0124] In this example, Example 3-13 was repeated except in that the MFI zeolite powder was replaced with a Zr0 2 
powder. 

35 

EXAMPLE 3-17 

[01 25] In this example, Example 3-1 was repeated except in that each slurry for preparing the base layer and the sur- 
face layer was subjected to a grinding with a magnetic ball mill for 2 hr, in place of 1 hr. With this, the particles of each 
40 slurry had an average particle diameter of 4 urn. 

EXAMPLE 3-18 

[0126] In this example, Example 3-12 was repeated except in that each slurry for preparing the base layer and the 
45 surface layer was subjected to a grinding with a magnetic ball mill for 2 hr, in place of 1 hr. With this, the particles of 
each slurry had an average particle diameter of 4 jim. 

EXAMPLE 3-19 

so [01 27] In this example, Example 3-1 was repeated except in that the weight of the base layer per liter of the substrate 
was changed from 200 g to 225 g and that the weight of the surface layer per liter of the substrate was changed from 
100 g to 75 g. 

EXAMPLE 3-20 

55 

[0128] In this exampi , Example 3-1 was repeated except in that the weight of the base layer per liter of the substrate 
was changed from 200 g to 150 g and that the weight of the surface lay r per liter of the substrate was changed from 
100gt 150g. 
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EXAMPLE 3-21 



[01 29] In this example. Example 3-1 was repeated except in that the weight of the base layer per liter of the substrate 
was changed from 200 g to 100 g and that the weight of the surface layer per liter of the substrate was changed from 
5 100 g to 200 g. 

EXAMPLE 3-22 

[01 30] In this example, Example 3-1 was repeated except in that the weight of the base layer per irter of the substrate 
io was changed from 200 g to 75 g and that the weight of the surface layer per liter of the substrate was changed from 1 00 
g to 225 g. 

COMPARATIVE EXAMPLE 3-1 
15 [01 31 ] In this example. Example 3-1 was repeated except in that the formation of the surface layer was omitted. 
COMPARATIVE EXAMPLE 3-2 

[01 32] In this comparative example, Example 3-1 was repeated except in that the manner of the formation of the sur- 
20 face layer on the base layer was modified as follows. A palladium nitrate aqueous solution was added to an activated 
alumina powder. Then, the obtained mixture was dried and then baked at 400°C for 1 hr in the air, thereby to prepare 
"powder P". that is, an alumina powder supporting thereon palladium. This powder P contained 5.0 wt% of palladium. 
Then, a magnetic ball mill was charged with 763 g of the powder P, 237 g of an activated alumina powder, and 900 g of 
water. Then, this ball mill was driven for 1 hr to mix and grind these ingredients, thereby to obtain a slurry. The particles 
25 of the slurry had an average particle diameter of 5 urn. Then, this slurry was applied to the coated substrate having the 
base layer formed on the substrate. Then, an excessive amount of the slurry on the base layer was blown off by allowing 
air to flow through the cells. After that the coated substrate was dried at 130°C and then baked at 400°C for 1 hr, 
thereby to obtain a catalytic converter having 100 g of a surface layer per liter of the substrate, on the base layer. 

30 COMPARATIVE EXAMPLE 3-3 

[0133] In this example, Example 3-1 was repeated except in that the weight of the base layer per liter of the substrate 
was changed from 200 g to 60 g and that the weight of the surface layer per liter of the substrate was changed from 100 
g to 240 g. 

35 

COMPARATIVE EXAMPLE 3-4 

[01 34] In this example, Example 3-1 was repeated except in that the weight of the base layer per liter of the substrate 
was changed from 200 g to 240 g and that the weight of the surface layer per liter of the substrate was changed from 
40 100 g to 60 g. 
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THIRD EVALUATION TEST 

[0135] At first, the catalytic converters of Examples 3-1 to 3-22 and Comparative Examples 3-1 to 3-4 were each sub- 
jected to a durability test. In this test, each catalytic converter was installed in the exhaust system of an engine having 

5 a displacement of 4,400 cubic centimeters (cc). Then, this engine was driven for 50 hr by maintaining the temperature 
of the inlet of the catalytic converter at 650°C. After this durability test, each catalytic converter was installed in the 
exhaust system of an engine having a displacement of 2,000 cc. Then, this engine was driven in an evaluation test by 
repeating 100 cycles of an EC+EUDC mode. In this mode, there was a range or region where the temperature of the 
inlet of the catalytic converter was 500°C for 30 seconds. The total HC. CO and NOx conversions of the 1 81 and 100 th 

w cycles were determined, and the results are shown in Table 3-2. The decrease of the total NOx conversion by percent- 
age shown in Table 3-2 was determined by the expression (A-B}*-A x 1 00 where A is the total NOx conversion of the 1 8t 
cycle and B is that of the 100 th cycle. 

[0136] ft is understood from Table 3-2 that the decrease of the total NOx conversion according to each of Examples 
3-1 to 3-22 is much smaller than that according to each of Comparative Examples 3-1 to 3-2. In connection with this, it 

is is assumed that, according to Examples 3-1 to 3-22, the decrease of the total NOx conversion caused by sulfur was 
substantially suppressed by forming the surface layer according to the third preferred embodiment of the invention on 
the base layer (NOx absorbing catalyst), in contrast with Comparative Examples 3-1 to 3-2. In other words, it may 
become possible to substantially prevent the direct contact of sulfur oxides with the base layer by the provision of the 
surface layer of the invention. Furthermore, ft is assumed that the decrease of the total NOx conversion caused by sulfur 

20 can very effectively be suppressed by containing, for example, magnesium as a sulfur absorbing component (the sec- 
ond element) in the surface layer, as shown by the result of Example 3-1. In other words, it may become possible to 
decrease the amount of sulfur oxides flowing into the base layer by containing the sulfur absorbing component in the 
surface layer. As mentioned above, the temperature of the inlet of the catalytic converter was maintained at 500°C for 
30 seconds in one cycle of the above mode. With this temperature, it may become possible to desorb sulfur oxides 

25 which have been absorbed in the form of sulfates into the surface layer. This desorption may contribute to the suppres- 
sion of the decrease of the NOx conversion. It may become possible to increase the capability to desorb sulfur oxides 
by containing a particular double oxide, which is used in Examples 3-1 2 and 3-18, in the base layer, ft may become pos- 
sible to prevent the direct contact of sulfur oxides with the base layer (NOx absorbing catalyst) by the provision of an 
acid interlayer as shown in Examples 3-13 to 3-16. This may also contribute to the suppression of the decrease of the 

30 NOx conversion, ft may become possible to increase the NOx conversion, prior to the deterioration of the base layer 
caused by sulfur, by adjusting the average particle diameter of the particles of each slurry for preparing the base and 
surface layers to 4 urn, which is shown in Examples 3-1 7 and 3-1 8, or to less than 4 um. 
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Table 3-2 (continued) 
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30 

[0137] The entire contents of Japanese Patent Applications P10-56530 (filed March 9, 1998), P 10-2 15343 (filed July 
30. 1998) and P10-224151 (filed August 7, 1998) are incorporated herein by reference. 

[0138] Although the invention has been descrfred above by reference to certain embodiments of the invention, the 
invention is not limited to the embodiments described above. Modifications and variations of the embodiments 
35 descrbed above will occur to those skilled in the art, in light of the above teachings. The scope of the invention is 
defined with reference to the following claims. 

Claims 

40 1 . A device for purifying an exhaust gas, said device comprising a first catalyst for purifying a NOx of the exhaust gas, 
said first catalyst comprising: 

a first powder comprising a porous carrier and at least one noble metal loaded on said porous carrier, said at 
least one noble metal being selected from the group consisting of platinum, palladium and rhodium; and 
45 a second powder comprising a first double oxide represented by the following general formula (1 ) : 

Mi-aAJi- p B0 6 (1) 

where a is a number that is greater than 0 and less than 1 , p is a number that is greater than 0 and less than 
so 1 , S is a number that is greater than 0, Ln is at least one first element selected from the group consisting of La, 

Ce, Nd and Sm, A is at least one second element selected from the group consisting of Mg, Ca, Sr, Ba, Na, K 
and Cs. and B is at least one third element selected from the group consisting of Fe, Co, Ni and Mn. 

2. A device according to claim 1 , wherein each of said first and second powders has an average particle diameter of 
55 not greater than 4 urn. 

3. A device according to claim 2, wherein said average particle diameter is not less than 2 \i m. 
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4. A device according to claim 1 , wherein said at least one noble metal of said f irst powder is palladium and rhodium. 

5. A device according to claim 1 , wherein said at least one noble metal of said first powder is palladium. 

5 6. A device according to claim t , wherein said first catalyst further comprises at least one fourth element selected 
from the group consisting of alkali metals and alkali earth metals. 

7. A device according to claim 6, wherein said at least one fourth element is in an amount of 1 -40 g per liter of said 
first catalyst 

10 

8. A device according to claim 1 , wherein said at least one noble metal of said first powder is in an amount of 0. 1 -1 0 
g per liter of said first catalyst. 

9. A device accord ng to claim 1 , wherein said porous carrier of said first powder is an activated alumina having a spe- 
is erf ic surface area of 50-300 rrfrg. 

1 0. A device according to claim 1 , wherein said a of said general formula (1) is not less than 0.2. 

1 1 . A device according to claim 1 , wherein said 6 of said general formula (1 ) is less than about 4. 

20 

12. A device according to claim 1 , wherein said first double oxide of said second powder is in an amount of 20-1 00 g 
per liter of said first catalyst 

1 3. A device according to claim 1 , wherein said device further comprises a second catalyst that is upstream of said first 
25 catalyst in a passage of said exhaust gas. 

14. A device according to claim 1 3. wherein said second catalyst comprises a second double oxide that is a combina- 
tion of an alumina and at least one fifth element selected from the group consisting of Na, Mg, Ca, Sr, Ba, Y and La. 

30 1 5. A device according to claim 1 4, wherein said second catalyst further comprises at least one sixth element loaded 
on said second double oxide, said at least one sixth element being selected from the group consisting of Fe, Mn, 
Co and Ni. 

1 6. A device according to claim 1 3, wherein said second catalyst comprises an alumina and a third double oxide loaded 
35 on said alumina, said third double oxide being a combination of at least one fifth element selected from the group 

consisting of Na, Mg, Ca, Sr, Ba, Y and La and at least one sixth element selected from the group consisting of Fe, 
Mn, Co and Ni. 

1 7. A device according to claim 13, wherein said second catalyst comprises a fourth double oxide and at least one fifth 
40 element loaded on said fourth double oxide, said at least one fifth element being selected from the group consisting 

of Na, Mg, Ca, Sr, Ba, Y and La, said fourth double oxide being a combination of an alumina and at least one sixth 
element selected from the group consisting of Fe, Mn, Co and Ni. 

18. A device according to claim 13, wherein said second catalyst comprises a fifth double oxide that is a combination 
45 of (1) at least one fifth element selected from the group consisting of Na, Mg, Ca, Sr, Ba, Y and La, (2) at least one 

sixth element selected from the group consisting of Fe, Mn, Co and Ni, and (3) an alumina. 

19. A device according to claim 13, wherein said second catalyst comprises a noble metal. 

so 20. A device according to claim 14, wherein said second double oxide is in an amount of 0.1-200 g per liter of said sec- 
ond catalyst 

21 . A device according to claim 1 , wherein said first catalyst further comprises: 

55 a refractory inorganic substrate; 

a base layer formed n said substrate, said base layer comprising said second powder; and 

a surface layer formed on said base layer, wherein said first powder is loaded on at least one of said base layer 

and said surface layer. 
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22. A device according to claim 21 , wherein said base layer and said surface layer respectively further comprise first 
and second elements each being selected from the group consisting of alkali metals, alkali earth metals, rare earth 
elements and transition metals, said first element of said base layer being represented by M in the following reac- 
tion formula (1) and being such that dM p (S0 4 ) q in a reaction represented by th following reaction formula (1) has 

5 a Gibbs energy of reaction of not greater than -350 W/mol, 

a0 2 + bSOa + cMxO y -> dM p (S0 4 ) q (1) 

where a, b, c and d are numbers such that the reaction formula (1) is formed, and x, y, p and q are numbers each 
w being greater than 0, said second element being represented by M' in the following reaction formula (2) and being 
such that dM'p(S0 4 )q in a reaction represented by the following reaction formula (2) has a Gibbs energy of reaction 
of greater than -350 kJ/mol, 

aO z + bSO z + cM' x O y drVySO^ (2) 

15 

where a, b, c and d are numbers such that the reaction formula (2) is formed, and x. y, p and q are numbers each 
being greater than 0. 

23. A device according to claim 21 , wherein a weight ratio of said base layer to said surface layer is from 1 3 to 3: 1 . 

20 

24. A device according to claim 22, wherein said f irst element of said base layer is at least one element selected from 
the group consisting of Na, K, Ba and Cs. 

25. A device according to claim 22, wherein said second element of said surface layer is at least one element selected 
25 from the group consisting of Mg, Ca. Fe, Co and La. 

26. A device according to claim 21 , wherein said first catalyst further comprises an interlayer interposed between said 
base layer and said surface layer, said interlayer comprising at least one material selected from the group consist- 
ing of zeolite, TIO^ Si02 and Zr0 2 . 

30 

27. A device according to claim 22, wherein said base layer comprises a third powder containing said first element, said 
surface layer comprises a fourth powder containing said second element, and each of said third and fourth powders 
has an average particle diameter of not greater than 4 pm. 

35 28. A device according to claim 21 , wherein said device further comprises a second catalyst that is downstream of said 
first catalyst, said second catalyst comprising at least one noble metal selected from the group consisting of plati- 
num, palladium and rhodium. 

29. A device according to claim 22, wherein at least a part of said first and second elements of said base and surface 
40 layers is loaded on an activated alumina. 

30. A method of producing a device for purifying an exhaust gas, said device comprising a first catalyst for purifying a 
NOx of the exhaust gas. said method comprising: 

45 (a) preparing an aqueous slurry containing therein first and second powders, said first powder comprising a 

porous earner and at least one noble metal loaded on said porous carrier, said at least one noble metal being 
selected from the group consisting of platinum, palladium and rhodium, said second powder comprising a dou- 
ble oxide represented by the following general formula (1): 

so (Ln^AJvpBOjs (1) 

where a is a number that is greater than 0 and less than 1, p is a number that is greater than 0 and less than 
1 , 6 is a number that is greater than 0. Ln is at least one first element selected from the group consisting of La, 
Ce, Nd and Sm, A is at least one second element selected from the group consisting of Mg, Ca, Sr, Ba, Na. K 
55 and Cs, and B is at least one third element selected from the group consisting of Fe, Co, Ni and Mn; 

(b) applying said aqueous slurry to a substrate of said first catalyst, such that a precursor of a catalytic coating 
of said first catalyst is formed n said substrate; and 

(c) baking said precursor into said catalytic coating. 
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31 . A method according to claim 30, wherein, prior to said applying, said aqueous slurry is subjected to a wet grinding, 
thereby to adjust each of said first and second powders to having an average particle diameter of not greater than 
4 \im. 

s 32. A method according to claim 30, wherein said baking is conducted at a temperature of 400-900°C. 

33. A method according to claim 30, further comprising: 

(d) preparing an aqueous solution containing at least one compound of at least one fourth element selected 
w from the group consisting of alkali metals and alkali earth metals; 

(e) applying said aqueous solution to said catalytic coating of said first catalyst, thereby to form another coating 
on said catalytic coating; 

(f) drying said another coating; and 

(g) , after said drying, baking said another coating at a temperature of 200-600°C, thereby to turn said another 
is coating to an oxide of said at least one fourth element 

34. A method for purifying an exhaust gas of a lean-burn engine, said method comprising: 

(a) driving said lean-burn engine with an air-fuel ratio of 10-50; and 
20 (b) allowing said exhaust gas to flow through a device according to claim 1 , during said driving, for purifying 

said exhaust gas. 

35. A method according to claim 34, wherein, during said driving, said lean-burn engine is adjusted to alternately hav- 
ing a first air-fuel ratio of 10-14.8 and a second air-fuel ratio of 15.0 to 50. 

25 

36. A method according to claim 34, wherein said driving is adjusted, such that said exhaust gas has a temperature of 
at least 500°C, at least temporarily. 

37. A method according to claim 36, wherein said driving is adjusted such that said exhaust gas has said temperature 
30 for at least 30 seconds. 
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FIGURE 




